Urban forestry is an important green infrastructure strategy because healthy trees can intercept rainfall, reducing stormwater runoff and pollutant loading. Surface saturation storage capacity, defined as the thin film of water that must wet tree surfaces before flow begins, is the most important variable influencing rainfall interception processes. Surface storage capacity is known to vary widely among tree species, but it is little studied. This research measured surface storage capacities of 20 urban tree species in a rainfall simulator. The measurement system included a rainfall simulator, digital balance, digital camera, and computer. Eight samples were randomly collected from each tree species. Twelve rainfall intensities (3.5-139.5 mm h −1 ) were simulated. Leaf-on and leaf-off simulations were conducted for deciduous species. Stem and foliar surface areas were estimated using an image analysis method. Results indicated that surface storage capacities varied threefold among tree species, 0.59 mm for crape myrtle (Lagerstroemia indica L.) and 1.81 mm for blue spruce (Picea pungens Engelm.). The mean value across all species was 0.86 mm (0.11 mm SD). To illustrate application of the storage values, interception was simulated and compared across species for a 40-yr period with different rainfall intensities and durations. By quantifying the potential for different tree species to intercept rainfall under a variety of meteorological conditions, this study provides new knowledge that is fundamental to validating the cost-effectiveness of urban forestry as a green infrastructure strategy and designing functional plantings.
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Surface Water Storage Capacity of Twenty Tree Species in Davis, California Qingfu Xiao* and E. Gregory McPherson U rban forestry and tree planting are widely recognized as cost-effective strategies to manage runoff. The potential for trees to intercept rainfall and reduce runoff varies among tree species because of differences in their leaf area, gap fraction, surface storage capacity, and other characteristics. Little information exists on these traits, limiting the ability of managers to identify how different species will perform over the long term. This study addresses one of these critical knowledge gaps. Leaf-on and leaf-off surface water storage capacities are measured in a rainfall simulator for 20 tree species. This new knowledge is applied to illustrate how interception varies over 40 years for three species with different surface water storage capacities.
Green infrastructure is an approach to stormwater management that uses natural or engineered systems that mimic natural processes (Foster et al., 2011) . Trees, like green roofs, rain gardens, and permeable paving, can intercept and promote infiltration of rain where it falls, reducing stormwater runoff and pollutant loading of receiving water bodies. These strategies can be cost-effective because of lower capital costs and operational costs relative to "grey" infrastructure (Odefey et al., 2012; Stovin et al., 2008) . Also, trees can reduce economic and public health impacts associated with flooding damage and waterborne illnesses (Gaffield et al., 2003) . Trees can provide other benefits such as urban heat island reduction, energy savings, carbon storage, and air pollutant removal ( Ju and Yoon, 2011; King et al., 2014; Simpson, 1998; Zhao et al., 2010) .
During a rainfall event, precipitation is either intercepted by foliage, branches, and trunk or it falls directly through gaps in the crown to the ground. The tree's total stem and leaf surface areas and its gap fraction (i.e., percentage of the crown that allows rain to fall unimpeded to the ground) directly influence the amount of rainfall intercepted and throughfall. Intercepted water is temporarily stored on leaf and bark surfaces. There are two types of surface water storage (Hewlett, 1982; Xiao et al., 2000a) . Saturation storage, or minimum storage, is the thin film of water that must wet the tree surface before flow begins. Saturation storage never reaches the ground and can only be removed through evaporation. Detention storage, or maximum storage, is rainwater detained temporarily on the tree surface. Part of this detention storage drips to the ground surface, flows down the tree trunk to the ground, or evaporates into the atmosphere.
Tree rainfall interception is strongly influenced by the rainfall event, tree species, and meteorological factors (Xiao et al., 2000a) . The intensity and duration of rainfall events influence interception, as do meteorological variables such as temperature, relative humidity, net radiation, and wind speed. A tree crown will intercept a smaller percentage of precipitation from a short, intense event that quickly saturates its storage capacity than from a longer, less-intense event. Temporal variations in rainfall intensity influence stem flow by modifying the development of trickle pathways along branches and dislodgement of water drops (Dunkerley, 2014a,b) High air temperatures and wind speeds hasten evaporation of water stored in the crown, thereby enhancing interception potential.
Differences in surface morphogenesis among tree species can strongly influence surface water storage capacity. Leaf and bark surfaces range from highly water repellent to actively absorbing of liquid water or water vapor ( Juniper and Jeffree, 1983) . Species with the highest leaf surface storage tend to be those with the lowest leaf hydrophobicity and water droplet retention (Holder, 2013) . Leaf surface morphogenesis also influences the amount of throughfall and its drop-size distribution. Causal factors that vary among species include leaf hydrophobicity, roughness, geometry, and inclination (Nanko et al., 2006 (Nanko et al., , 2013 . Bark morphology and branching architecture influence differences in water storage among species. The bark water storage capacity of northern red oak (Quercus rubra L.) was 2.5 times higher than sweet birch (Betula lenta L.) (Levia and Herwitz, 2005) .
Interception has been measured in the field with natural rainfall using the volume control method (Xiao et al., 2000b) . Full-scale catchments were constructed under individual trees to measure throughfall, stem flow, and precipitation during a variety of rainfall events. In the laboratory, researchers used rainfall simulators to monitor weight change of individual trees (Keim et al., 2006) . The loading-cell method was used to measure the weight change of single trees (Lundberg, 1993; Storck et al., 2002) . In other studies, tree samples were submerged into water and their weight change recorded (Aston, 1979; Wood et al., 1998) .
The complex and dynamic interactions between rainfall, meteorology, and tree crown architecture are described in a three-dimensional stochastic model of single-tree rainfall interception processes (Xiao et al., 2000a) . Model predictions were calibrated with actual interception data from two mature opengrown trees. A model sensitivity analysis indicated that surface saturation storage capacity had the greatest influence on interception. Given the importance of this variable, it is surprising that relatively few studies have measured and reported it, especially for urban tree species.
Studies of rainfall interception indicate that saturation and detention storage values vary widely among tree species and geographic locations (Keim et al., 2006; Liu, 1998; Putuhena and Cordery, 1996; Wood et al., 1998) . Surface water storage was reported as low as 0.1 mm for a thimbleberry (Rubus parviflo rus Nutt.) tree (Keim et al., 2006) , but as high as 2.0 mm for a cork oak (Quercus suber L.) tree (Xiao et al., 2000b) . In climate regions where most annual precipitation occurs in the winter season, such as in California, surface saturation storage accounts for the greatest portion of interception because evaporation is limited during rain events because of high relative humidity and low air temperature (Xiao et al., 2000b) .
Although surface water storage capacity values are widely used in hydrological, ecological, and environmental modeling (Hilde and Paterson, 2014; Wang et al., 2008; Xiao and McPherson, 2002; Xiao et al., 2000a) , they are difficult to accurately quantify in the field. Surface storage capacities have been typically estimated based on regression relationships of throughfall and rainfall, scaling up surface water absorption measured on small samples, and weight change of tree samples in rainfall simulators. The regression method has a straight forward mathematical form and simplifying assumptions (e.g., evaporation is negligible during rainfall events and crown surfaces are fully saturated when rainfall exceeds saturation storage). This method is widely used to predict interception (Gash, 1979; Lankreijer et al., 1993; Rutter et al., 1971; Xiao and McPherson, 2011; Xiao et al., 2000b) . The scaling-up method is based on crown surface area (Herwitz, 1985; Keim et al., 2006) and biomass indices (Crockford and Richardson, 1990; Teklehaimanot et al., 1991) . Laboratory rainfall simulators were used to measure vegetation surface water storages (Keim et al., 2006) to overcome the field surface-water-storage-measurement problems associated with cost and field conditions. Advantages of using simulated rainfall to measure surface water storages are that meteorological conditions can be controlled and measurements can be repeated.
Applying surface storage values from forests to urban trees is problematic because of differences in the species mix and tree architecture (McPherson and Peper, 2012) . Open-grown trees usually have larger crown projection areas (i.e., area under tree drip line) and total leaf and stem surface areas but smaller leaf and stem area indices than trees in rural forests (Peper and McPherson, 2003; Xiao et al., 2000b) .
Most studies that report throughfall, stem flow, and interception loss have relied on surface water storage capacity values from rural forests (Asadian and Weiler, 2009; Xiao and McPherson, 2011; Xiao et al., 2000a) . Although tree crown architecture, leaf and stem roughness, and their geometric shapes are known to influence surface storage capacities, species-specific storage capacity values for different urban tree species are lacking (Xiao et al., 2000a) . For example, interception values used in popular green infrastructure accounting tools such as the Green Values Calculator (Center for Neighborhood Technology, 2010) and i-Tree Streets (formerly STRATUM) (Maco and McPherson, 2002) assume surface water storage capacities of 1.0 mm across all tree species (Berland and Hopton, 2014) . Urban water managers lack information on this key variable that is critical to selecting tree species to optimize interception and runoff reduction (Day and Dickinson, 2008; Mitchell et al., 2008) .
The objective of this study is to quantify the surface water storage capacity of 20 common urban tree species in Davis, CA, using direct laboratory measurements with simulated precipitation. The responses of tree leaves and stem surface storage capacities to different rainfall intensities and seasonal changes in leaf surface area are described. To illustrate their effects on interception, surface storage capacity values are applied in a 40-yr simulation for three different tree species.
Materials and Methods
The volume-control method was used to measure the change in surface water storage of tree samples under the rainfall simulator for different rainfall intensities. Leaf-on samples measured surface water storage of the foliar and stem surfaces. Leaf-off samples measured water storage capacities of the stem surfaces only. The measured data sets were examined using standard regression analysis.
The effects of different water storage capacities on interception were illustrated using urban tree growth equations for a deciduous, broadleaf evergreen, and coniferous species with meteorological data for Davis, CA (McPherson and Peper, 2012) . Rainfall interception was simulated and compared across species for a 40-yr period using the interception model developed by Xiao (2008) .
Experimental System Setup
The experimental measurement system consisted of two parts: a rainfall simulator and a weighing measurement system ( Fig. 1) . The rainfall simulator delivered water at rates from 10.2 to 139.7 mm h −1 . An electronic weighing unit and a computer data collection system continuously recorded weights of the samples at 5-s intervals. Tree samples were suspended from the electronic weighing unit using clear fishing line (South Bend 30 lbs.).
Tree Samples
The tree species selected in this study represented 77% of all street trees surveyed in the Davis, CA, municipal forest inventory (Maco and McPherson, 2003) . These 20 tree species included 11 broadleaf deciduous species, five broadleaf evergreen species, and four conifers ( Table 1 ). The sample consisted of two trees of each species that were randomly selected from the City of Davis and the campus of the University of Table 1 . Surface water storage capacity measurement tree species list. California-Davis. Sample trees were greater than 7.5 cm in diameter at breast height. Four branch samples were collected from each selected tree at each of four compass bearings (i.e., east, south, west, and north) approximately 0.6 m inside the tree crown drip line. Branch samples were no shorter than 0.9 m or longer than 1.7 m. The sample branch's cut end was sealed with paraffin wax. The branches were placed in a plastic container with dry ice in the bottom and a cloth overlay for transporting from the field to the rainfall simulator. To reduce measurement errors from wilted leaves, measurements in the simulator began within 30 min of sample collection. Branches of the deciduous tree species were sampled during the leaf-off season to measure stem surface water storage capacities. 
Rainfall Simulator
The rainfall simulator was built at the University of California-Davis Hydrology Drainage Laboratory. The 1.22 by 1.22 m square-shaped simulator included a water supply, water spring nozzle, rainfall intensity controller, and rainwater collection system. Municipal water was directed through a water filter and a pressure regulator to feed the rainfall simulator that consisted of 38 individual water spray nozzles (Cloudburst Misting Systems). These 38 nozzles consisted of six different sizes. By combining different nozzles with inline water shutoff valves, 12 different rainfall intensities were simulated. These intensities ranged from 3.6 to 139.7 mm h −1 (Table  2 ). The precipitation rates were determined using the precipitation rate catch-can test method. The rainfall simulator was mounted to the ceiling at 5.5 m above the ground surface. A water collection basin (L × W × D = 1.83 × 1.83 × 0.15 m) sat below the simulator and sent excess water to the laboratory's drainage system.
Weighing and Data Collection System
The data collection system included an electronic weighing unit (GX10K, A&D Company, Ltd. 3-23-14 Higashi Ikebukuro) and a computer that recorded the dynamic weight change of the tree sample at different rainfall intensities. The weighing unit measured up to 10.0 kg with a 0.01-g resolution. The computer was connected to the weighing unit via a RS-232C serial interface and recorded weights at 20 Hz frequency. Branch weight was continuously displayed digitally and graphically displayed on the computer.
The simulation sequence began with the lightest rainfall intensity (i.e., 3.56 mm h ). Once the weight of the sample reached a plateau with quasi-equilibrium status for 300 s the water supply was turned off for 10 min before next simulation commenced. After completing the simulation for the highest rainfall intensity, the water supply was turned off and the branch's weight change was recorded during the drying phase. 
Branch and Leaf Surface Area
Leaf and stem surface areas were measured using a digital image processing method. Upon completion of the rainfall simulations each sample was disassembled into leaves and stems. The leaves or stems were arranged on a 1.22 by 1.22 m whiteboard along with four 76 by 127 mm reference cards. Branches were cut into short segments so that each stem segment was straight. A highresolution digital infrared camera (Fujifilm IS Pro, FUJIFILM North America Corp.) was installed 4.6 m above the whiteboard. Branches, leaves, stems, and reference cards were carefully laid on the whiteboard without overlap. The vertical-view image was electronically processed to calculate each branch's leaf and stem surface area. The image processing included image isolation and estimating reference and leaf or stem surface areas. Image isolation was conducted using Adobe Photoshop software (Adobe Systems Inc.) following the method developed by USDA Forest Service (Peper and McPherson, 2003) . Surface area estimation was conducted using ArcGIS software (ESRI International). The leaf surface area for broadleaf trees was estimated based on one side of each leaf. To account for the more cylindrical shape of conifer needles and stems, the two-dimensional surface area was multiplied by the factor of p.
Data Analysis
The surface water storage of each sample branch was expressed by Eq.
[1] and assumed that water lost via transpiration during the rainfall simulation was negligible.
wet fresh dt where C is the sample's surface water storage depth, t is time, p is rainfall rate, e is surface water evaporation rate of the sample, d is water drip rate of the sample, W is the sample's weight, W wet is the weight of the sample during rainfall simulation and W fresh is the sample's weight before the simulation. The calculations assumed that 1.0 g water had a volume of 1.0 cm 3 and changes in water density due to temperature, pollutants, and minerals in the rainfall simulator's water were negligible. where S A is the sample's surface area, and r w is the density of water. For deciduous tree species, surface water storage capacity and surface area were separated into leaf and stem components. For each tree species, the surface water storage depth was averaged from measurements recorded for the eight branch samples. Standard descriptive statistics were applied to analyze the data. Mean values, as well as maximum, minimum, and standard deviations are presented for each species.
The sample's recorded weight was adjusted to account for the force of raindrops impinging on tree sample surfaces. This adjustment was based on the relationship of force and momentum by the following:
where F is force of a raindrop hitting the canopy surface, Dt is the contact time of the raindrop and the sample's surface, m is the mass of the raindrop, v f is the raindrop's final velocity after striking the sample's surface, and v i is the raindrop's terminal velocity. It is assumed that the raindrop loses all momentum once it hits the sample's surface (i.e., v f = 0). The rainfall's drop size and terminal velocity were calculated based on rainfall density. The median-volume diameter D p of the rainfall drops is related to rainfall intensity p by the following (Laws and Parsons, 1943) :
The raindrop's terminal velocity v i is determined from basic mechanics. Assuming that a raindrop is released from rest, it will accelerate until it reaches terminal velocity (Chow et al., 1988) :
where g is the acceleration of gravity, C d is the dimensionless drag coefficient, and r a is the density of air.
Application of Canopy Surface Water Storage Data
A broadleaf deciduous tree, Japanese zelkova [Zelkova serrate (Thunb.) Makino]; broadleaf evergreen, holly oak (Quercus ilex L.); and conifer, Italian stone pine (Pinus pinea L.) were selected to illustrate the effects of surface water storage values on rainfall interception. These trees are popular street trees in the study area. Tree growth data for each species were obtained from the national urban tree database (McPherson and Peper, 2012) . Figure 2 shows relationships among age, crown diameter, and leaf surface area for these three trees. The precipitation data for Davis, CA, were obtained from the National Weather Service of the National Oceanic and Atmospheric Administration (Perica et al., 2011) . The rainfall intensity-duration-frequency relationship is shown in Table 3 . The rainfall interception model was programmed to calculate total water storage on canopy surfaces for different design storm events (Xiao, 2008 ) over a 40-yr period.
Results and Discussion

Surface Water Storage Capacities
Surface water storage capacities varied threefold across species. Values ranged from a mean of 0.59 mm for crape myrtle (Lagerstroemia indica L.) to 1.81 mm for blue spruce (Picea pungens Engelm.) for all surfaces (Table 4 ). The mean value across all species was 0.86 mm (0.11 mm SD). Storage capacities for leaf surfaces only of deciduous species ranged from 0.57 mm for Bradford pear (Pyrus calleryana Decnne. 'Bradford') to 1.20 mm for valley oak (Quercus lobata Nee). The mean value for leaf surfaces only was 0.97 mm (0.16 mm SD). Storage capacities for stem surfaces only ranged from 0.17 for Chinese hackberry (Celtis sinensis Pers.) to 0.37 for sweetgum (Liquidamber styraciflua L.). The mean storage capacity for stem surfaces only was 0.25 mm (0.06 mm SD). Leaf surface storage capacities were two to seven times greater than stem storage capacities for these deciduous species.
In general, conifer species had highest minimum and maximum surface water storage capacities and broadleaf species had the lowest storage values (Table 4 ). The mean storage capacities were 0.77 mm (SD 0.19), 0.78 mm (SD 0.05), and 1.25 mm (SD 0.38) for broadleaf deciduous, broadleaf evergreen, and coniferous trees, respectively. The mean storage capacities for broadleaf deciduous and evergreen species were similar, but the standard deviation of the deciduous trees was three times larger than for the broadleaf evergreens.
The minimum surface water storage values for all surfaces of deciduous species ranged from 0.28 mm for Raywood ash (Fraxinus angustifolia Vahl 'Raywood') to 0.80 mm for valley oak. Differences in these storage values reflected differences in the morphology of leaf and stem surfaces. Raywood ash has dense, compound leaves, the leaflets are flexible, and the surfaces are smooth. In contrast, valley oak has a rigid leaf with a relatively rough surface. Maximum water storage ranged from 0.63 mm for Bradford pear to 1.61 mm for Chinese pistache (Pistacia chinensis Bunge). The pear's simple leaves are very smooth, as are the stem surfaces. The Chinese pistache leaves are pinnately compound with rough stem surfaces. The smaller, more rigid leaflets and rougher stems of the pistache slow down water flow across tree surfaces compared with the pear. The Bradford pear tree had the smallest difference between its minimum and maximum storage capacities (0.20 mm) while Chinese pistache had the largest difference (0.89 mm), indicating that the pistache's rigid, rough surfaces have relatively high water storage capacities. Among the broadleaf evergreen trees, blue gum (Eucalyptus globulous Labill.) had the smallest minimum and maximum water storage capacities because of its smooth surface structure. The holly oak had the largest minimum and , after which it plateaued (Fig.   3 ). At very low rainfall intensities (<13 mm h −1 ), surface water storage increased rapidly. Thereafter, the rate of increase diminished as storage capacity was gradually filled. When rainfall intensity increased from 76.2 to 139.7 mm h −1 (83%), surface water storage increased by 2.9, 3.0, and 6.0% for the Chinese pistache, blue spruce, and holly oak, respectively. Chinese pistache had a higher surface water storage capacity than holly oak (Fig.  3) . However, during the leaf-off season, the surface water storage of the Chinese pistache tree was limited to its stem surfaces (Table 4) . Figure 4 illustrates how the surface water storage capacity of the Chinese pistache tree changed with rainfall intensities across the in-leaf and leaf-off seasons. During the leaf-off season, the water storage capacities for stems were four to seven times less than for leaf surfaces across the range of simulated rainfall intensities. Tree leaves play an important role in the interception process during the leaf-on season. During the leaf-off season, the surface storage capacity of deciduous trees is substantially less than for evergreen trees. Thus, planting evergreen trees in Mediterranean climates, where the majority of precipitation falls during the leaf-off season, will reduce stormwater runoff more than planting deciduous trees. Other considerations may influence tree selection as well, such as mature size and maintenance requirements. Water stored on tree surfaces above the minimum water storage will drop off or flow down tree surfaces to the ground. Thus, maximum surface water storage is temporary excess storage. This excess storage is dynamic, constantly changing the temporal distribution of net rainfall.
During the rainfall simulations, the water storage signatures of each species reflected three phases: wetting, saturation, and drying (Fig. 5) . Assuming a rainfall intensity of 38.1 mm h −1 , the wetting phase lasted 30 to 60 s after the rainfall began. The steep gradient during the wetting phase for both ginkgo (Ginkgo biloba L.) and Chinese pistache indicated rapid increase in storage before saturation of capacity. In contrast, the gradient during the drying phase was less steep because the change in surface water storage was controlled by evaporation. During the saturation phase, the data from both samples had small fluctuations, as surfaces lost water via leaf drip and stem flow and then refilled. The ginkgo's maximum fluctuation was 0.08 mm, much less than 0.14 mm for the Chinese pistache. The greater storage capacity of the pistache's compound leaves and rough stem surfaces explain its higher surface storage fluctuation.
One limitation of this study is that causal factors of differences in surface water storage among species were not identified. Hydrophobicity, measured as the contact angle between a sessile water droplet and the leaf surface, and water droplet retention, measured as the angle at which a sessile droplet drains off a leaf as the leaf surface is incrementally tilted, are known to influence surface storage and have not been measured for common shade trees (Holder, 2013) . Measuring these key factors is the first step to developing correlations between surface water storage and leaf surface features for different tree species. Another limitation is that these results are likely to underestimate interception by mature trees because the simulations were conducted on relatively small, young branches, and stems. Larger and older branches and stems tend to have surfaces that are more rough and absorbent than juvenile surfaces (Levia and Herwitz, 2005) . New knowledge concerning changes in stem and leaf area indices, as well as surface properties across species and age, is critical to more accurate modeling of rainfall interception. Expanded research on whole-tree interception is needed as a basis for scaling up laboratory and field experiments that are conducted on components of trees.
Application of Canopy Surface Water Storage Data
Surface water storage data were applied to three physiognomic types of trees to demonstrate effects on modeled interception for Japanese zelkova, a broadleaf deciduous tree; holly oak, a broadleaf evergreen; and Italian stone pine, a conifer. For a 5-min storm event, rainfall interception increased with tree age with 2-, 5-, and 25-yr rainfall return frequencies (Fig. 6) . The young stone pine intercepted more rainfall than the young holly oak because of its higher surface water storage capacity. After 10 yr, the holly oak intercepted more rainfall because of increasing crown spread and total leaf and stem surface areas (Fig. 2, 6a) .
A tree's total leaf and stem surface areas plays an important role in rainfall interception during the leaf-on and leaf-off seasons, During the leaf-on season, a 40-yr Japanese zelkova tree can intercept 85, 85, and 62% of rainfall for a 2-, 5-, and 25-yr storm event, respectively. However, during the leaf-off season, interception drops to 16, 26, and 25% for the same storm events (Fig. 6b) .
For a 2-yr return-frequency storm, rainfall interception of the Italian stone pine tree increased with tree age and storm duration (Fig. 7a) . At age 40, the rainfall interception was 0.3 m 3 for a 5-min storm event and 0.8 m 3 for a 60-min storm event (Fig. 7a) . A similar rainfall interception pattern was observed for the holly oak (Fig. 7b) . However, interception increased little for storms longer than 30 min because storage capacity was fully saturated. Rainfall interception of the Japanese zelkova tree (Fig. 7c) illustrated a different surface water storage and rainfall relationship. Surface storage capacities were greater than the amount of rainfall for a 5-min storm, thus rainfall interception was controlled by the amount of rainfall. However, for storms with 15-, 30-, and 60-min durations, the amount of rainwater was greater than the surface water storage capacity and rainfall interception was controlled by the surface storage capacities.
It is axiomatic that large trees can store more rain water on their surfaces than small trees. However, the relations between surface water storage-duration-frequency for mature trees are complex (Table 5 ). The percentage of rainfall intercepted decreased as the duration and frequency of events increased. Thus, rainfall interception has a greater influence on the distribution of rainfall during small storm events than during large events.
The maximum surface water storage of each species (72% for stone pine, 81% for holly oak, 85% for zelkova) was limited by its maximum surface water storage area. Although the percentage interception was least for stone pine, it functioned at this level for the greatest number of events. In contrast, zelkova had the highest storage percentage, but this was for the fewest number of events.
Conclusions
This study measured crown surface water storage capacities of 20 urban tree species in a rainfall simulator. There are four key findings. Surface water storage capacities varied threefold across species, confirming the importance of applying this type of research to other urban tree species. Because of differences in leaf and stem morphologies and surface roughness, conifer species had highest surface water storage capacities and broadleaf species had the lowest values. Maximum crown surface storage increased with rainfall intensity, and this capacity varied with tree species and age. Rainfall interception was controlled by precipitation for small rainfall events and by surface storage capacities for larger rainfall events. The dearth of whole-tree interception studies limits our ability to scale up studies on tree components. Quantifying the potential for different tree species to intercept rainfall under a variety of meteorological conditions is fundamental to validating the cost-effectiveness of tree planting as a green infrastructure strategy and designing the most functional plantings. City of Davis and University of California-Davis Grounds Services for permission to sample trees.
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